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The dynamics of close relationships is important for understanding the migration patterns of
individual life-courses. The bottom-up approach to this subject by social scientists has been limited
by sample size, while the more recent top-down approach using large-scale datasets suffers from a lack
of detail about the human individuals. We incorporate the geographic and demographic information
of millions of mobile phone users with their communication patterns to study the dynamics of close
relationships and its effect in their life-course migration. We demonstrate how the close age- and sex-
biased dyadic relationships are correlated with the geographic proximity of the pair of individuals,
e.g., young couples tend to live further from each other than old couples. In addition, we find that
emotionally closer pairs are living geographically closer to each other. These findings imply that
the life-course framework is crucial for understanding the complex dynamics of close relationships
and their effect on the migration patterns of human individuals.
PACS numbers:
I. INTRODUCTION
Human societies have successfully been described in
the framework of social networks based on dyadic rela-
tionships [1]. In recent years, a number of social networks
have been characterised in terms of small-world prop-
erties [2], broad distributions of the number of neigh-
bours [3], assortative mixing [4] or homophily [5], and
community structure [6]. This is partially due to re-
cent access to large-scale highly-resolved digital datasets
on human dynamics and social interaction [7]. Mobile
phone datasets in particular have provided a unique op-
portunity to study the structure and dynamics of human
relationships [8–13]. Although the lack of detail about in-
dividuals often undermines the importance of large-scale
studies based on anonymised datasets, limited geographic
and demographic information of mobile phone users has
successfully been used, e.g., in studies of age and sex bi-
ases in social relationships [14, 15].
It is important to stress that humans are embed-
ded not only in social networks but also in geographic
space [16, 17]. People move and migrate for a number of
reasons. For example, people leave their parental home
for education or employment, to get married, to rear
a family, or they can move due to divorce and separa-
tion [18]. In these life-course events, close relationships
play a crucial role in shaping migrational patterns. Hu-
man mobility patterns have recently been studied by us-
∗Corresponding author: johanghyun@postech.ac.kr
ing the datasets of time-resolved location of mobile phone
users [19–22]. These datasets are limited to periods of a
few years at most, so far allowing only cross-sectional
analysis. In contrast, the longitudinal approach adopted
by social scientists has been used to investigate long-term
migration patterns over the human lifespan [23, 24], but
suffers from the fact that sample size is invariably lim-
ited.
Large-scale mobile phone datasets can be used to un-
derstand the role of close relationships in the life-course
migration, by exploiting geographic and demographic in-
formation of mobile phone users. Frequency of contact
between a pair of individuals has been established as
a reliable index of emotional closeness in relationships,
and the frequency of contact by telephone and other
digital media like email and text message is known to
correlate significantly with the frequency of face-to-face
contact [25–27]. Thus one can assume that most of im-
portant relationships of individuals are captured by mo-
bile phone communication records, and that the level of
emotional closeness in a relationship is reflected in the
strength of communication. We also assume that the
life-course migration patterns are reflected in the age-
and sex-dependent geographic correlations of users. In
other words, even though our mobile phone dataset of
users of all age groups is necessarily cross-sectional, we
can use them to gain insights into longitudinal, life-course
migration patterns.
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2II. RESULTS
We analyse a large-scale mobile phone call dataset from
a single mobile service provider in a European coun-
try [8, 9]. This dataset spans the first 7 months of
2007 and contains around 1.9 billion calls between 33
million individual users. Among them, around 5.1 mil-
lion users subscribed to the provider, meaning that their
demographic information is partially available. In order
to study the closest relationships of egos (individuals),
we rank their alters (friends, family members, acquain-
tances) in terms of the number of calls to/from the ego,
irrespective of whether such alters have the relevant de-
mographic information. Initially we focus on the top-
ranked and 2nd-ranked alters. We consider only those
ego-alter pairs for which information on age, sex, and
geographic location is available for both ego and alter.
There are 1.1 million pairs of egos and top-ranked alters
and 0.7 million pairs of egos and 2nd-ranked alters.
For each ego-alter pair, we determine the geographic
difference index hij that has the value of 0 (1) if the al-
ter j lives in the same (different) municipality as the ego
i (see Methods for determination of the municipality).
Let us first set the baseline by calculating the average
geographic difference indices. For all pairs of egos and
top-ranked alters, 〈h〉 ≈ 0.58. The average indices for
female egos and for male egos are 0.59 and 0.58, respec-
tively, i.e., no sex differences are observed. Here we have
considered egos whose number of calls is at least 15, cor-
responding to one call per two weeks on average. We
like to note that our conclusion is robust against to the
variation of this criterion.
A. Geographic locations of highly-ranked alters
and sex differences
The variation in geographic correlations across the
lifespan can be revealed by using more detailed infor-
mation on the egos and alters. We split the ego-alter
pairs into four groups based on sex (M for male, F for
female): F:F, M:M, F:M, and M:F. We also consider the
ages of both egos and alters, and divide ego-alter pairs
into two categories where the age difference between egos
and alters is ≤ 10 years and > 10 years. This division
is motivated by the observation that the age distribution
of top-ranked alters is bimodal, with one peak approxi-
mately around the ego’s own age and another ≈ 25 years
apart, roughly corresponding to one generation [14]. The
average geographic difference indices 〈h〉, i.e., the frac-
tions of alters living in a different municipality to the
ego, are shown in Fig. 1 as a function of the ego’s age for
the different sex and age groups.
For top-ranked alters of the opposite sex (F:M, M:F)
with age difference ≤ 10 years, the geographic differ-
ence indices for female and male egos are mostly identical
within error bars (Fig. 1(a)). The fraction of alters in a
different municipality increases up to ≈ 0.7 for egos who
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FIG. 1: Geographic difference indices of top-ranked and 2nd-
ranked alters who live in a different municipality to ego (top
and bottom, respectively). The left panels are for ego-alter
pairs with age difference less than 10 years, while the age
difference is larger than 10 years in the right panels. We use
the notational convention that, for example, “M:F” denotes
male ego and female alter. Error bars show the confidence
interval with significance level α = 0.05.
are around 20 years old, then it gradually decreases to
≈ 0.45 by the mid-40’s, and then remains at approxima-
tively the same level thereafter. If one assumes that this
behaviour is caused by romantic ego-alter relationships,
a possible interpretation is that young couples live in the
same neighbourhood until going to work or college ne-
cessitates a larger distance; eventually, individuals settle
down together with either the same or another partner
at an older age. The indices for same-sex ego-alter pairs
with age difference ≤ 10 years behave differently and
show sex dependence. They increase more slowly, reach
the maximum in the late 20’s (M:M) or around 30 years
(F:F), then decrease and fluctuate (M:M) or slightly de-
crease and increase again (F:F). After the peak, the M:M
curve remains lower than the F:F curve at all ages, in-
dicating that the top-ranked male alters of males live on
average geographically closer.
For top-ranked alters with age difference > 10 years,
the sexes of egos and alters appear to play no role
(Fig. 1(b)). For all cases, when the egos are young,
≈ 65% of top-ranked alters live in the same municipal-
ity. The fraction of alters in different municipality peaks
in the 30’s, shows a local minimum at around mid-40’s,
and then increases again. It would be reasonable to ex-
pect that this is because children live with their parents
until leaving home in their 20’s; this is reflected in the lo-
cal minimum at around mid-40’s as well. For older egos,
children have left home and live elsewhere, increasing the
geographic difference index with ego’s age.
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FIG. 2: Geographic difference indices of top-ranked alters who
live in a different municipality to ego for several demographic
groups of egos of ages 25, 40, and 60 (top to bottom), and of
females (left) and males (right). The fraction for each age, a,
has been averaged over [a− 2, a+ 2] for accentuating trends.
Error bars show the confidence interval with significance level
α = 0.05. In each panel, lower curves with empty symbols
represent age distributions of top-ranked alters, which are
magnified 2.5 times for clearer visualization. Vertical black
lines at the ego age are added for guiding the eye.
The geographic difference indices between egos and
their 2nd-ranked alters behave roughly similarly to the
top-ranked alters (Fig. 1(c–d)). The main difference is
that the indices peak somewhat later; furthermore, for
age difference ≤ 10 years, the F:M and M:F curves no
longer overlap, but the 2nd-ranked alters of females live
slightly more often in the same municipality with the
egos. There are several possible reasons for this be-
haviour and no definite conclusions can be drawn from
demographic data alone. For example, this behaviour
might arise from the partners of female egos being ranked
2nd more often than the partners of male egos. In par-
ticular women switch their focal interest from their part-
ners to their children as these become adult; however
this would only affect the geographic difference indices
for female egos old enough to have grown-up children.
For younger women, it may relate to the need to have a
F25
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F50
M50
FIG. 3: Geospatial layout of egocentric networks for four egos.
The red and blue filled circles denote female and male indi-
vidual users, respectively, and the size of circle is proportional
to the age of the user. The width of an edge corresponds to
the number of calls between users. Some overlapping circles
have been moved a small amount for the sake of clarity.
close female friend in whim to confide; women are more
likely to have a same-sex intimate friend than men are.
For ego-alter pairs with age difference > 10 years, ego
and alter sexes do not matter, except for female egos
in their 30’s–40’s whose 2nd-ranked alters are slightly
more often located in the same municipality, compared
to corresponding male egos. This effect might be because
of mother-child relationships, considering the age differ-
ence.
B. Correlations with alter age
These geographic correlations can be more clearly un-
derstood by considering age correlations between highly-
ranked alters and their geographic difference indices. We
show the age distributions of top-ranked alters and their
geographic difference indices for several demographic
groups of egos in Fig. 2. We use the notational con-
vention that, for example, “F25” denotes the group of
25-year-old female egos. For the F25 and M25 groups
(18675 and 21018 pairs, respectively), the curves for ge-
ographic difference indices are overall high and relatively
flat, showing little correlation between demographic and
geographic information. For 40-year-old females (F40,
8550 pairs) (Fig. 2(c)), the male top-ranked alters are
on average slightly older than the egos, and tend to live
close to egos; it is reasonable to expect these to be their
partners. In contrast, female top-ranked alters of simi-
lar age live more often in another municipality. The age
distribution of top-ranked alters shows a small peak at
around 20 years of age, more pronounced for female egos.
4As these alters commonly live in the same municipality,
this peak can likely be attributed to the children of egos.
For the M40 (10933 pairs), the overall pattern is fairly
similar. For the F60 and M60 groups (4360 and 5115
pairs, respectively), the data display a lot of variation
because of smaller samples. However, top-ranked alters
of the same age tend to be more often found nearby.
Additionally, there are clear peaks in the distribution of
alter ages at around 30 years old; these can again be at-
tributed to parent-child relationships. This finer scale
analysis is comparable to the observed geographic corre-
lations in Fig. 1(a–b).
C. Geography and alter ranks
We next extend our analysis from the highly-ranked
alters to whole egocentric networks. Here the alters of
an ego are ranked in a descending order according to the
number of calls to/from the ego; this ranking typically re-
flects the emotional closeness to alters [27]. Figure 3 dis-
plays the geospatially embedded egocentric networks for
four example egos; note the larger geographic spread for
the younger egos. The geographic difference indices for
groups of egos of specified age and sex and their ranked
alters are shown in Fig. 4. Overall, the geographic differ-
ence indices increase with increasing rank, implying that
alters who are emotionally close also tend to be geograph-
ically close. This is in line with the results of Ref. [16],
where it was shown that in a mobile communication net-
work, on average, the probability that a tie belongs to
a triangle decreases with the geographic distance of the
two individuals. Since it is known that tie strength cor-
relates positively with the density of triangles around the
tie [8], this can be seen as indicative of strong ties being
more frequently found between individuals who live close
to one another. The results of Fig. 4 confirm this for
egocentric networks.
Some sex differences can be observed in Fig. 4. Among
25-year-olds, women are more likely to call alters who live
in another municipality than are men (Fig. 4(a)), but
this pattern is reversed among 40-year-olds (Fig. 4(b)).
This distinction is lost among 60-year-olds (Fig. 4(c)).
In addition, it may be noted that 25-year-olds of both
sexes are more likely to call and get called by alters who
live further away than either 40-year-olds or 60-year-olds.
This presumably reflects the fact that once married, egos
are more likely to focus their attention on people who
live closer, irrespective of whether these are other family
members or friends.
We have repeated all the above analyses by calculat-
ing the geographic difference indices based on provinces
instead of municipalities, and with distance thresholds
of 10 km and 50 km. The overall patterns are not af-
fected by the choice of geographic difference index (see
Supplementary Figs. 5, 6, and 7).
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FIG. 4: Geographic difference indices of alters who live in a
different municipality to ego for several demographic groups
of egos: F25 and M25 (a), F40 and M40 (b), and F60 and M60
(c). The rank of an alter is determined in terms of the num-
ber of calls to/from the ego. Error bars show the confidence
interval with significance level α = 0.05.
III. DISCUSSION
We have analysed a large-scale mobile phone dataset
to study the geographic correlations of emotionally close
human relationships in the life-course framework. For
this, we have made a number of assumptions: (i) Impor-
tant relationships of mobile phone users are captured by
call records, and the emotional closeness of a relationship
is reflected in the strength of communication. (ii) The
highly-ranked alters of the same age group as egos and
of opposite sex than egos are likely to be egos’ partners or
spouses, while highly-ranked alters whose age is one gen-
eration apart from egos’ age are likely to be egos’ children
or parents, irrespective of sex. (iii) The life-course migra-
tion patterns are reflected in the age- and sex-dependent
geographic correlations of users. Based on these assump-
tions, we find that young couples tend to live further
apart from each other than old couples. Female top-
ranked alters of the same age and sex group as egos tend
to live further apart than male top-ranked alters of the
same age and sex group as egos. In all cases, the geo-
graphic correlation of close relationships with age differ-
ence larger than 10 years shows similar patterns indepen-
dent of both sexes of egos and their highly-ranked alters.
These findings are consistent with the finer scale analysis
considering age correlations between highly-ranked alters
and their geographic difference indices.
In addition, we find that emotionally closer friends
tend to live closer to the ego. This is an important finding
because it speaks against the common notion that people
only take the trouble to call those who live further away
from them (i.e., those individuals they cannot easily see
face-to-face). In other words, the phone, particularly mo-
bile phone, is not an alternative way of contacting dis-
tant alters, but rather a supplementary mechanism for
contacting those alters that one also sees face-to-face.
5IV. METHODS
A. Data preparation and filtering
We use the mobile phone call dataset from a single mo-
bile service provider in a European country. The dataset
spans the first 7 months of 2007 and contains around 1.9
billion calls between 33 million individual users. Among
them, around 5.1 million users subscribed to the opera-
tor, called company users. For company users, we have
demographic information like sex and age, as well as ge-
ographic information like zip code and the most common
location. The zip code is based on billing information,
and the most common location is available in terms of
latitude and longitude, i.e., the coordinate of GSM tower
where the user spent the most time. The most common
location is not necessarily the same as the location by zip
code. Since the most common location is more informa-
tive than the zip code for studying behavioural patterns,
we determine a zip code for the municipality nearest to
the most common location of each user, which replaces
the zip code based on the billing information whenever
possible. By using the latitude and longitude of each
municipality, the geographic distance between municipal-
ities can be also calculated. Finally, the number of users
whose information on sex, age, and zip code is available
in the dataset is 3.2 million, i.e., 1.4 million females and
1.8 million males.
We find that for most egos, the age distribution of
their alters shows a peculiarly sharp peak at the ego’s
own age. Such peaks are most likely anomalies due to
multiple phones being registered to a single individual
but used by his or her family members. In order to filter
these anomalies, we assume that the number of alters of
the same age as egos is equal to the bigger of numbers of
alters who are one year younger or older than egos.
B. Error estimation
Finite sample sizes lead to errors in geographic dif-
ference indices. For each point of geographic difference
index, the number of ego-alter pairs and the number of
such pairs satisfying the condition are given as n and m,
respectively. Here the condition can be such that the
alter lives in a different municipality to ego. Since the
condition can be either satisfied or not, meaning a binary
variable, we introduce a fraction x of pairs satisfying the
condition. The conditional probability of finding m such
pairs among n pairs is p(x|n,m) = xm(1−x)n−m/B1(m+
1, n−m+ 1), where Bz(a, b) =
∫ z
0
xa−1(1− x)b−1dx de-
notes an incomplete beta function. For a given signifi-
cance level α, one may estimate the confidence interval
(xmin, xmax). Here the value of xmin is determined such
that the cumulative probability for x ∈ (0, xmin) is equal
to α/2, i.e.,
Bxmin(m+ 1, n−m+ 1)
B1(m+ 1, n−m+ 1) =
α
2
. (1)
From this equation, xmin is obtained as the inverse in-
complete beta function. xmax is similarly obtained from
Bxmax(m+ 1, n−m+ 1)
B1(m+ 1, n−m+ 1) = 1−
α
2
. (2)
Then, (xmin, xmax) defines the confidence interval. These
calculations are repeated for all points of geographic dif-
ference index.
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FIG. 5: Geographic difference indices for top-ranked alters (left two columns) and 2nd-ranked alters (right two columns), where
the geographic difference indices are defined as the fraction of ego-alter pairs who live in different provinces (top), further than
10 km (middle), and further than 50 km (bottom). Error bars show the confidence interval with significance level α = 0.05.
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FIG. 6: Geographic difference indices for top-ranked alters of ego groups F25, M25, F40, and M40 (from left to right), where
the geographic difference indices are defined as the fraction of ego-alter pairs who live in different provinces (top), further than
10 km (middle), and further than 50 km (bottom). Error bars show the confidence interval with significance level α = 0.05.
In each panel, lower curves with empty symbols represent age distributions of top-ranked alters, which are magnified 1.5 times
for clearer visualization. Vertical black lines at the ego age are added for guiding the eye.
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FIG. 7: Geographic difference indices as functions of ranks of alters for several demographic groups of egos: F25 and M25 (left),
F40 and M40 (center), and F60 and M60 (right). The rank of alter is determined in terms of the number of calls to/from the
ego. Here the geographic difference indices are defined as the fraction of ego-alter pairs who live in different provinces (top),
further than 10 km (middle), and further than 50 km (bottom). Error bars show the confidence interval with significance level
α = 0.05.
